Background
==========

Granulomatosis with polyangiitis (GPA), formerly known as Wegener's granulomatosis, is an ANCA-associated vasculitis (AAV) that usually affects small and medium vessels. It usually affects upper and lower airway tracts and the kidneys. The evolution of AAV without treatment will lead to death \[[@b1-amjcaserep-21-e920681]\]. Treatment of AAV is based on an induction phase followed by a maintenance phase. Glucocorticoids associated with cyclophosphamide or rituximab are usually used in the induction phase. The maintenance phase is usually based on rituximab to prevent relapses \[[@b2-amjcaserep-21-e920681]--[@b4-amjcaserep-21-e920681]\].

Rituximab is a genetically engineered chimeric (murine-human) monoclonal antibody (mAb) directed against CD20 antigen on the surface of B cells. Rituximab has demonstrated efficacy in the treatment of various rheumatologic diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and AAV. Commonly reported adverse effects are chills and fevers, which are usually associated with the first infusion \[[@b5-amjcaserep-21-e920681]\]. Recent studies have shown an association between rituximab use and low immunoglobulin (Ig) level due to a reduction in plasma cell precursors, which leads to an increased risk of infections with the use of rituximab \[[@b6-amjcaserep-21-e920681],[@b7-amjcaserep-21-e920681]\].

Case Report
===========

A 59-year-old white woman with no significant past medical history presented as a transfer from an outside facility (OSF), complaining of shortness of breath. One month before her admission, she noticed progressively worsening exertional dyspnea, cough, and weakness in her legs. In the OSF, she was found to be in atrial fibrillation with a rapid ventricular rate. She was started on amiodarone and an anticoagulant and was transferred for a higher level of care. Within the last month, the patient had four hospitalizations for worsening dyspnea as a chief complaint. On admission, her vitals were significant for a respiratory rate of 27 and SpO2 of 83% on room air.

In further workup, urinalysis showed microscopic hematuria, bronchoscopy showed diffuse alveolar hemorrhage (DAH), and blood work showed positive cytoplasmic anti-neutrophil cytoplasmic antibodies (C-ANCA) and high proteinase 3 IgG. These results raised the suspicion for Granulomatosis with Polyangiitis (GPA). Her extensive infectious disease workup was negative, except for bronchoalveolar lavage (BAL), which showed positive qualitative CMV PCR. The Infectious Disease (ID) service was consulted. Based on a lack of other features and low viral load in the bronchoscopy, concern for active CMV infection was low. Rheumatology and Nephrology were both consulted and opted to treat with rituximab for induction of remission for GPA, high-dose steroids (she was started on 1 mg/kg of prednisone with plans to taper over six months), and prophylaxis for Pneumocystis jirovecii pneumonia (PJP). She received a dose of 1 gm of rituximab while she was being admitted and was started on ganciclovir by ID for possible CMV reactivation prophylactically, given her immunosuppression. After her first rituximab dose, she experienced nausea, chills, and rigors, which resolved on slowing the infusion, and as-needed IV hydrocortisone. Due to scheduling issues, she had received her second dose of rituximab (1 gm) one month (instead of two weeks) after the first dose, which she tolerated well. Laboratory workup, which was done five days after the second rituximab dose, showed IgG and IgM levels below the level of normal, IgG of 308 mg/dL (610--1616), and IgM 27 mg/dL (35--242). She was doing fairly well at that time, with no fevers or concern for infection, and a plan was made to monitor her closely. One month after her second dose of rituximab, she presented again to the Medical Intensive Care Unit as a transfer from an OSF, intubated and sedated due to acute respiratory failure secondary to septic shock with *E. coli* bacteremia. Despite aggressive management, including the ACLS protocol, the patient died on admission.

Discussion
==========

Rituximab is an effective medication in inducing and maintaining remission in patients with AAV. Infections and hypogammaglobulinemia are not commonly reported with the use of rituximab. Low IgG levels at baseline seem to significantly contribute to hypogammaglobulinemia and serious infections associated with rituximab use \[[@b8-amjcaserep-21-e920681]\]. A retrospective study showed that severe hypogammaglobulinemia was associated with a higher risk of infections requiring hospitalization after induction with rituximab \[[@b7-amjcaserep-21-e920681]\]. Another study was conducted on patients with GPA, and serum Ig levels were measured prior to each rituximab infusion. Hypogammaglobulinemia occurred in one-quarter of the patients. Serum Ig levels decreased during rituximab maintenance, but the largest decrease occurred after the first infusion \[[@b9-amjcaserep-21-e920681]\]. Rituximab usually depletes CD20+ B cells by an average of 6--12 months, with longer periods of depletion in patients with AAV \[[@b6-amjcaserep-21-e920681]\].

Our patient did not have a history of recurrent infections (sinusitis, bronchitis, or pneumonia), organomegaly, or cytopenias; therefore, the suspicion for primary hypogammaglobulinemia was low at that time. Unfortunately, baseline immunoglobulin levels were not obtained in this patient before induction with rituximab; therefore, primary hypogammaglobulinemia was not ruled out in this patient. However, IgG and IgM levels were obtained five days after the second dose of rituximab, and both were below the normal level, which is possibly iatrogenic secondary antibody deficiency following rituximab use. This case shows the importance of obtaining an immunoglobulin level (IgG, IgA, and IgM) at baseline and before each rituximab cycle to identify patients who are at risk for serious infections \[[@b10-amjcaserep-21-e920681]\]. Patients may eventually require immunoglobulin replacement therapy (IGRT), as antibiotics alone are not adequate for preventing and treating infections. Currently, there are no available consensus guidelines for the use of IGRT in patients with iatrogenic secondary antibody deficiency following rituximab use. A recent systematic review highlights the induction of sustained antibody deficiency after using IGRT; therefore, consensus guidelines are needed for appropriate assessment and treatment for iatrogenic secondary antibody deficiency \[[@b11-amjcaserep-21-e920681]\].

Conclusions
===========

Rituximab is an effective medication in the management of AAV. Obtaining an immunoglobulin level at baseline and before each rituximab cycle is of great clinical importance and helps to guide physicians in prescribing B cell-targeted therapy. Low baseline immunoglobulin levels significantly contribute to hypogammaglobulinemia and serious infections associated with rituximab and other B cell-targeted therapy. With the huge development of immunotherapeutic agents, it is important for physicians to remain attentive and keenly observant for any adverse effects of these medications to be able to intervene promptly and improve patient outcomes.
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